this purpose. However, some cells such as apoptotic bodies are stained besides mitotic figures by this method. Because using the PHH3 antibody may cause wrong counting of mitotic figures it is not routinely used. Nevertheless in some studies, PHH3 antibody was used as an immunohistochemical marker to determine mitosis. In the studies of Duregon et al. and Ribalta et al. revealed that the number of cells stained with PHH3 could be used instead of the number of mitotic activity found in H&E stained slides. 4, 5 So, it was a reliable marker for mitotic count and had a high interobserver reproducibility. But, they said that there should be a threshold value to describe the grade by PHH3.
Because the number of cells stained with PHH3 exceed the number of mitosis found in H&E stained slides. 4 Kim at al. used PHH3 for mitosis count, and they determined that 6 stained cells with PHH3
was the threshold value for Grade II. 6 The results of the study of Colman et al. suggested that pHH3
staining a useful method in other neoplasms such as infiltrating astrocytoma. 7 In addition to manual counting of mitotic figures, some new additional procedures based on convolutional neural networks are being developed in breast cancer. 8 In our daily routine practice, suspicious cases between Grade I and Grade II make our job harder. In our experience, these suspected cases have mitotic figures that at the limit of sufficiency to be defined as Grade II. The number of mitosis in 10 high power field (HPF) is the most common cause of interobserver variability in meningiomas. One mitosis may changes the meningioma grade.
Therefore, accurate determination of mitosis is very important to minimize interobserver variability.
The aim of this study is to evaluate the interobserver variability in determining the number of mitosis in 10 HPF and thus the tumor grade. If there is interobserver variability, the aim is to find the reasons of these differencies and to determine what to do to reduce the variability. Thus, the cases with Grade II and III meningioma will not be overlooked and patients who will receive additional treatment will be determined accurately.
MATERİALS AND METHODS
In the study, 270 cases with meningioma were included. The hematoxylin eosin (H&E) stained slides of the cases were re-evaluated. Cases with brain invasion and with atypical morphological patterns such as clear cell, rhabdoid, papillary and chordoid were excluded. The appropriate formalin-fixed paraffin-embedded blocks were selected. From the selected paraffin blocks, 5 micron thickness sections were prepared. The sections were stained by an automated slide staining machine again.
Cases were examined by reference observer (3 experienced pathologists who have been working in neuropathology at least for 4 years) firstly. For every cases, the all sides were examined.
Than, the slide which was representative for mitotic count and grade was determined by the 3 experienced pathologists together. The representative slide was the most mitotic active one among the all slides. The representative slides were given to examine to the 5 senior residents (observers). They are in 4th years of their residency. H&E stained slides were divided into random groups which 
RESULTS
All of the cases in the study were re-evaluated by reference observer and the grade, histological type, number and percentage of the cases were presented on Table 1 . Two hundred and seven of the cases were Grade I, 59 were Grade II and 4 were Grade III. One hundred and ninety five (72,2%) of the cases were female and 75 (27,8%) were male.
Concordance among observers (including five observers and reference observer) was calculated with Online Kappa Calculator. The free-marginal kappa score was 0.88 (95% Confidence interval for free-marginal kappa 0.85-0.91).
The number of cases which were different grade from the reference observer were 41, 40, 47, 42, and 41 respectively ( Table 2 ). The kappa concordance between the observers and the reference observer was very low. Kappa coefficient of observer 2 was the lowest value. The kappa scores of the other observers are between 0.40 and 0.60. The mean numbers of mitotic activity which were found in 10 consecutive HPF by the observers for each case were 1.22, 0.84, 1.16, 1.00, and 1.24 respectively.
On the other hand, the mean number of mitosis of the reference observer was 1.94 (Table 3 ).
According to this results, Spearman's correlation coefficients between the observers and reference Comparison of the results of the observers' before and after the full scan method were demonstrated on Figure 3 . In the first evaluation, 4-6 cases were defined as Grade II by the observers.
Whereas, after full scan method, 23-27 cases were defined as Grade II. Before and after full scan method, the results showed significant difference statistically (p value <0.001).
Kappa scores of the results of the reference observer and the results found after full scan method by the observers were demonstrated on Table 4 . According to these data, the kappa score was low and concordance was not very good despite using full scan method. However, when the data were analyzed in a raw form, it was seen that most of the cases which defined as Grade I in the previous examination were defined as Grade II after using full scan method. In addition, a few cases were found as high grade by the some observers compared to reference observer.
DİSCUSSİON
For various types of tumors, several studies have been done to determine the grade and treatment decision. In most of them, the main aim is to determine the proliferation capacity of tumor cells. Accurate determination of mitotic activity is the focus of these studies. We investigated how to reduce the interobserver variability in meningioma grading.
In our study, when the data were analyzed in a raw form, it was estimated that the interobserver difference in tumor grade will be quite high. But, free-marginal kappa score was very high and grade concordance was very good among observers (including five observers and reference observer). The grade concordance was evaluated with Kappa analysis for each observers, and a moderate agreement was found between the observers and the reference observer, except observer 2. Because observer 2 detected the lowest mitotic activity compared to other observers. The moderate agreement between the reference observer and the observers has suggested that there may be mitotic activities that cannot be detected by the observers. Since the whole slide was not scanned at 400 x magnification in slides with low mitotic activity observers were less likely to detect them.
The number of mitosis found by the observers was compared with those found by the reference observer. The mean mitotic counts of all observers were lower than the reference observer. This result showed us again that observers cannot detect some mitotic activities. According to Spearman's correlation test, although the mean mitosis count in 10 consecutive HPF was the least, the observer 2 was the best correlated with the reference observer. Nevertheless, observer 2 had the worst grade concordance with the reference observer. Therefore, there seems to be no direct relationship between the number of mitosis and grade. However, due to undetectable mitotic activity affects the mitosis count in 10 consecutive HPF, it affects the grade indirectly. In that case, kappa analysis for grade concordance is more accurate than Spearman's correlation test.
In the second phase of the study, the observers re-examined the cases they found as different grade from the reference observer by the full scan method. After this method, the observers changed grade in more than 50% of the cases. In other words, they changed most of the Grade I cases to Grade II. Similar to our study, Moradi et al. showed that the grade of the some cases changed after the reexamination of the mitotic figures. 14 In our study, there was a statistically significant difference in the number of mitosis and grade before and after the full scan method. It also showed that the full scan method was useful.
Although there was a statistically significant increase in the mitotic count concordance by the full scan method, this situation was not reflected in grade concordance. Kappa score of grade concordance and p values between the observers and the reference observer were found meaningless by the full scan method. According to this findings, the first reason of the grade discordance is that the number of mitotic activity found by observers was less than the reference observer. The second and more important reason is that the number of mitosis found by observers in 10 consecutive HPF is less than 4 for Grade II and 20 for Grade III. In the light of these findings, we can say that the observers have begun to detect mitotic activity more successfully but they have difficulties in fitting 4 or more mitotic activities into 10 consecutive HPF.
All of the observers described the tumors as different grade than the reference observer in more than 40 cases (more than 15% of all cases). The total number of these cases were 52. When the anaplastic meningioma and the cases that defined as higher grade than the reference observer were excluded (10 cases totally), the observers described the remaining 42 cases as Grade I instead of Grade II. In these 42 cases, the arithmetic mean of mitotic activity which detected by the reference observer in the entire slides was approximately 16. As a result, when the number of mitotic activity in the entire slayt was less than 16, observers had difficulties to find mitotic activities. Therefore, the observers found lower mitotic activity in 10 consecutive HPF, and they defined the most of the cases as lower grade.
In the study of Commins et al., the reliability of the mitosis counting method were controversial due to some factors such as tissue fixation, section thickness problems, the differences in observer experience, variability of the mitotic count from field to field and differences in microscopes.
Mitotic figures are generally counted in the most hypercellular area of the tumor, and there is no rule about how this area is chosen by the pathologist. In some studies, it is noticeable that mitosis should be count in areas with high mitotic activity. 16 In our study, to use the same type of microscope and to examine the entire slide with full scan method were very effective to determine the accurate number of mitosis. In addition to what Commins et al. said, the possible reasons of differences in mitosis count in daily routine practice may as follows: Not to determine of area with high mitotic activity, not to carefully examine the entire slide or the slides which include low mitotic activity, confusion of mitotic figures with apoptotic cells or pyknotic nuclei, not enough time to allow accurate counting.
Conclusion:
It is clear that the concordance of the mean number of mitosis between the observers and the reference observer is poor. We conclude that the interobserver variability can be reduced by full scan method. Since only one mitotic activity may change the grade, we recommend that the mitosis count should be performed at 40x objective on HE slides. Especially if we notice mitosis activity, but cannot detect 4 or more mitosis in 10 consecutive HPF, we should be more careful. According to our study, if there is less than 16 mitotic activity throughout the slide, these tumors are defined as Grade I instead of Grade II. In other words, in the cases which include low mitotic figures, it is more difficult to find the 10 consecutive HPF including 4 or more mitosis. Therefore these cases are easily defined as Grade I.
In conclusion, examining the H&E stained slide by the full scan method helps us to determine the true histologic grade of meningiomas in most cases who will receive additional treatment.
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